The ethylene-propylene-diene monomer (EPDM)/styrene-butadiene rubber (SBR)/nanoclay (NC) nanocomposites were prepared with various nanoclay contents loading and different crosslinking systems by using an open mill mixer. Sulfur, dicumyl peroxide and the mixed system were used as crosslinking systems for the nanocomposites. The effects of nanoclay loading and crosslinking systems on the swelling behavior, compression set behavior, abrasion resistance, hardness, rebound resilience and water uptake of EPDM/SBR blends were investigated. Mole percent uptake of aromatic, aliphatic and chlorinated hydrocarbons through the nanocomposites was investigated at 23 o C. The peroxide cured nanocomposites have exhibited the lowest solvent uptake in all the penetrant as well as the lowest uptake exhibited by aliphatic hydrocarbons. An increase in nanoclay loading resulted in reduction in water uptake and rebound resilience as well as increases in compression set, hardness, and abrasion resistance in all the crosslinking systems.
Introduction
The unique properties which cannot be obtained from single components can be achieved by polymer blending. Polymeric blends are widely used in rubber products in order to improve physical and mechanical properties, service life, easy processing, at cheaper rate. 1 In the recent years, polymer nanocomposites are developed as a new class of materials and attracted substantial investment in research and development. The polymer nanocomposites have most interesting properties such as mechanical properties, thermal properties and barrier properties are attained at very low loading of the nanofillers compared to macro or micro-sized fillers. [2] [3] [4] As the decrease in fillers particle size, increases the specific surface area and the interaction between the matrix and the filler, which results in improved properties of the polymer nanocomposites. 2 In the past, rubber/layered silicate nanocomposites are progressively attracting scientific and technological considerations due to the high reinforcing efficiency of the nano-silicate. [5] [6] [7] The reinforcing effect is reduced for nanocomposites with higher nanoclay loading due to the poor dispersion of clay. 8 Perhaps three types of nanocomposites were categorized, depending upon the dispersion of the nanoclay in the polymer matrices i.e., traditional polymeric nanocomposites, intercalated polymeric nanocomposites and exfoliated polymeric nanocomposites.
9,10
The nanoparticles have significant potential of filling the gaps in the rubber and reduce the gas diffusion and permeability in the rubber. Many investigators and researchers have considered addition of the nanoparticles to the rubber. [11] [12] [13] [14] [15] [16] The properties can also be significantly improved, including increased resistance to solvents and flammability. 17 The high aspect ratio clay layers having nano-size in the composites significantly reduce liquid and gas permeability by impressive a tortuous pathway to the permeant. The polymer solvent inter-
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action through the filled rubber composite are affected by various factors such as nature of the polymer, nature and distribution of crosslinks, nature of plasticisers, nature of the penetrants, filler, temperature, polymer molecular weight, crystallinity and orientation and nature of blending. Swelling behaviour of nanocomposites is mainly depending on the crosslinking in nanocomposites. Crosslinking is mainly depending on the amount of curing agents, filler rubber interaction and temperature. 18 Mostafa et al. 19 observed that swelling percentage decreases, compression set increases with increasing content of carbon black (CB) for both styrene butadiene rubber (SBR) and acrylonitrile butadiene rubber (NBR) filled compounds. Arroyo et al. 5 reported that the incorporation of octadecyl amine modified montmorillonite (10 phr) into the natural rubber (NR) is sufficient to achieve the same mechanical behavior compared to the nanocomposites containing NR with 40 phr of carbon black. Rajasekar et al. 20 investigated the incorporation of nanoclay in epoxidized natural rubber (ENR) by solution mixing and then ENR-nanoclay composites (ENC) are incorporated in the NBR with sulfur as a curing agent. They observed that there is a significant improvement in mechanical properties, compression set, dynamic mechanical properties, swelling and morphological studies of the nanocomposites. Many researchers broadly studied about the fluid resistance and compression set in rubber compounds and rubber blend compounds filled with different kinds of filler. [21] [22] [23] [24] Anil Kumar et al. 25 studied that the transport characteristics of the EPDM and EPDM/ high density polyethylene (HDPE) blends in terms of the blend ratio, morphology, penetrant size, and temperature. The transport behavior of these blends using different organic liquids (aromatic and aliphatic hydrocarbons) and vapour permeation behaviour of these blends using chlorinated hydrocarbons also was studied. Dannenberg et al. 26 investigated the effect of a variety of carbon blacks, having a wide range of surface areas, on the reduction of the equilibrium swelling volume of synthetic rubber. Boonstra et al. 27 reported equilibrium swelling of a series of solvents in natural rubber, SBR, butyl rubber, neoprene and nitrile rubber containing carbon blacks, silica and hard clays as fillers. It was observed that certain fillers, cause a reduction in swelling of the membranes which is commensurate with the volume loading of the filler, and the effect of different carbon blacks and varying loadings were reported. [28] [29] [30] [31] The kinetics of swelling of rubber and black-filled SBR vulcanizates in the presence of iso-octane has been studied. 32 Aminabhavi et al. have published a series of articles relating the various rubber-solvent interactions.
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The aim of this research work is to prepare the blends of ethylene-propylene-diene monomer and styrene-butadiene rubber filled with nanoclay and to study the effect of nanoclay loading and crosslinking systems on the solvent uptake (mole percent uptake), percentage of the compression set, abrasion resistance and water uptake of the EPDM/SBR rubber blends. ×2 mm sample from the vulcanized sheet by the immersion method. The corners of the specimen were slightly curved to obtain uniform absorption. The initial dry weight of the specimens was measured. Then the specimen completely immersed in a series of aromatic (benzene, toluene, and xylene), aliphatic (n-pentane) and chlorinated (chloroform) hydrocarbons in glass diffusion bottles at room temperature for 72 h. After, the test specimen was taken out and cleans the surface of the samples using tissue paper and the swollen weight of the specimens was measured. The mole percent uptake Q t for solvent was determined using the eq. (1) (1)
Experimental
Where, M t is the mass of the specimen after time 72 h of immersion, M 0 is the initial mass of the specimen and MW is the molecular weight of the solvent.
Compression Set Measurements: Compression set test according to ASTM D395 was performed on cylindrical specimen size of Φ 29±0.1 mm and thickness 12±0.2 mm. The test sample is placed in the middle of the rectangular plates of the compression device by the spacers arranged each side of it, allowing adequate clearance for bulging of the rubber when a compressive load is applied. The bolts are tightened; therefore they are drawn together uniformly until in contact with the spacers. The percentage of compression working is 25% of its original thickness. Then the assembled device was placed at 70 and 100 o C for 24 h in an air circulating oven. After completion, the compression device is taken from the air circulating oven and then the test specimen removed instantaneously and allowable to cool for ambient temperature. The final thickness is measured by an electronic digital Vernier caliper with 0.01 mm accuracy. The compression set was determined using eq. (2) Percentage of compression set =
Where t 0 is the original thickness of the specimen, t 1 is the specimen thickness after removed from the compression device and t s is the spacer bar thickness which is used.
Mechanical Properties: The abrasion test of the EPDM/ SBR nanocomposites was performed using the DIN abrasion tester in order to determine the abrasion loss of the rubber vulcanizates according to ASTM D 5963. The hardness of the rubber nanocomposites was measured by Shore A hardness Durometer tester as per ASTM D 2240 standard. The rebound resilience of the EPDM/SBR nanocomposites was carried out according to the ASTM D 2632. In this method, a plunger suspended from a given height above the specimen was released and the rebound height was determined. The ratio of the rebound height and the original height is stated to as the rebound resilience and expressed as a percentage. The test was performed on the vertical rebound tester as resiliometer. The density of the rubber nanocomposites was calculated using the Archimedes' principle by the help of electronic weighing balance with an accuracy level of 0.001 gm. The minimum of five readings was measured, and the average values were reported. Water Uptake: Water uptake test according to ASTM D 471 was performed on 25 mm×25 mm×2 mm sample from the vulcanized sheet by the immersion method. The initial weight of the sample was measured using an electronic weighing balance with an accuracy level of 0.001 gm. The samples were completely immersed in water in glass bottles kept at uniform temperature. The samples were removed from the water at specific time intervals (7, 14, 21, 28, 35, 42 and 84 days), excess water at the surface removed using filter paper and weighed. The samples were then put in the glass bottle immediately. The process was continued at seven different intervals are reached. The water uptake was calculated using the eq. (3). (3) Where W t is the weight of samples at different interval and W 0 is the initial weight of the samples before placing in water. The average of five readings is reported for each sample.
Results and Discussion
Swelling Behaviour. In order to determine the effect of the nanoclay loading on swelling behavior of EPDM/SBR nanocomposites, the mole percent uptake is carried out at different hydrocarbons such as aromatic, aliphatic and chlorinated hydrocarbons. Benzene, toluene, xylene, n-pentane and chloroform solvents were used. Benzene, toluene, and xylene is an aromatic, n-pentane is an aliphatic while chloroform is chlorinated solvent. Rubbers have been used in a number of barrier applications in which it comes under the influence of solvents. These solvents have different ability to dissolve or to swell the rubber nanocomposites.
In this present work, the influence of nanoclay loading, crosslinking systems and nature of penetrants on swelling through EPDM/SBR blends was analyzed. The swelling behavior of nanocomposites depends on the types of filler, matrix, reaction between solvent and matrix, temperature, etc. The Figure 1 shows mole percent uptake of benzene Q t % with three different crosslinking systems, namely, sulfur, peroxide, and the mixed systems, at different nanoclay loading reinforced EPDM/SBR blends nanocomposites. The mole percent of benzene uptake was decreased with increasing content of nanoclay for all the crosslinking systems. The sulfur cured nanocomposites show the relatively fast in the great affinity to uptake benzene. In this figure, clearly shows that peroxide cured nanocomposites have the lowest equilibrium uptake while the sulfur cured nanocomposites have the highest equilibrium uptake. The mixed system exhibited an intermediate behavior. The difference in the uptake values of EPDM/SBR vulcanized with different crosslinking systems may possibly due to the formation of different types of crosslinks between rubber chains during vulcanization. 37 The sulfur crosslinked system introduces flexible polysulfide bonds between the macromolecular chains. This permits the easy accommodation of solvents molecules within the EPDM/SBR matrix. The peroxide crosslinked system has only stable C-C bonds and as a result lowest uptake values. The same trend was observed with toluene, xylene, n-pentane and chloroform as shown in Figures  2-5 , respectively. It is interesting to note that the solvent uptake values decrease in the order sulfur > mixed > peroxide. The mole percent uptake reduces with the increasing of the network.
From the Figures 1-3 , it is experimentally observed that benzene uptake is maximum while the xylene uptake is minimum in aromatic hydrocarbons. From benzene to xylene, there is a decrease in the mole percent uptake in all the crosslinking systems. This decrease in mole percent uptake with increase in penetrant size is because of the greater activation energy necessary for activation of the diffusion process. 38 On the other hand, the low molecular weight of the penetrant molecule shows the highest uptake as well as the high molecular weight of the solvent shows the lowest uptake. From the Figures 4-5 , it clearly shows that swelling behavior of aliphatic (n-pentane) and chlorinated hydrocarbons (chloroform) through EPDM/ SBR-NC nanocomposites vulcanized by different crosslinking systems follows a similar trend to that of aromatic hydrocarbons (benzene, toluene and xylene). Figure 6 shows the Figure 7 shows the variation of the percentage of compression set of the EPDM/SBR nanocomposites with the nanoclay loading and different crosslinking systems at 70 o C. In the case of unfilled nanoclay compounds, the compression set is low, while as nanoclay loading increases, the compression set increases. This is due to nanoclay loading increases the crosslinking density increases and the mobility of the long rubber chains decreases; consequently, induce stiffness in the nanocomposites. 39 The definite amount (25% strain) of compression is applied to the rubber samples, the enormous crosslinks attempt to the resistance of this compression which stated as increasing the stiffness of the rubber nanocomposites. During this compression resistance some of the crosslinks have been broken; consequently when the load relieved the number of crosslinks responsible for this strain recovery is less than the number of crosslinks responsible to resisting compression. Hence, the samples not recovered to its original thickness. As anticipated for increasing crosslinking density, the alteration to break more crosslinks increase which consequences in high percentage of compression set. The sulfur cured nanocomposites show the highest compression set. Compression set at different crosslinking systems follows the order sulfur > mixed > peroxide. The lower compression set shows the better retainable elastic properties. The same trend was observed with 100 o C compression set as shown in Figure 8 The temperature increases compression set also increases. The compression set is lower, the better the material for use.
Mechanical Properties. The additions of fillers in the matrix enhance the mechanical properties of the composite. The reinforcement effect in the polymer materials is directly related to the interphase properties and depends on the nature of the specific interactions between the polymer matrix and fillers. 40 The incorporation of filler into the polymer materials imparts many useful properties to the composite materials. The properties mostly depend on the dispersion condition of filler particles such as particle size, surface area, surface activity, aggregate structure and rubber-filler interactions. 41 Optimum reinforcing control can be achieved by the advantage of filler is better dispersed in the rubber matrix. The chemical or physical interaction between the filler and the rubber is an additional important aspect in the reinforcing effect. 42 The interaction between reinforcing fillers and rubber matrix has an important effect on the properties of rubber composite. A rubber-rubber interaction primarily occurs when rubber blends are used in composites and are not considered as important to Table 2 . Abrasion resistance of the nanoclay filled EPDM/SBR nanocomposites, expressed as abrasion loss has been studied for sulfur, peroxide and mixed system cured blends, and is presented in Table 2 . The abrasion resistance of a solid body is defined as its ability to withstand the progressive removal of material from its surface as the result of the mechanical action of a rubbing, scraping, or erosive nature. 43 The abrasion resistance of nanocomposites increases with increase in nanoclay content for all the three different curing system. Nanoclay as reinforcing filler, that interacts better with the rubber phase, as revealed by the higher reduction of abrasion loss in the nanocomposites. This improvement is may be due to the better rubber-filler interfacial adhesion and greater surface area resulting in an enhanced abrasion resistance. 44 Fine particles, in fact, reflect their greater interfacial adhesion between the filler and the rubber matrix as well as are responsible for a better abrasion resistance. Similar effects were also reported by former researchers. 45, 46 The peroxide cured system exhibits higher abrasion loss, sulfur cured system shows the lowest abrasion loss and the mixed system exhibited an intermediate behavior. It was evident that the abrasion resistance of the S 2.5 , S 5 , S 7.5 and S 10 of the sulfur cured nanoclay loaded nanocomposites was 31, 44, 54 and 59% higher than that of their respective control S 0 . Similarly, peroxide cured nanocomposites was 18, 27, 32 and 34% as well as mixed system cured nanocomposites was 18, 29, 36 and 43% higher than that of their respective control P 0 and M 0 .
Hardness is defined as the resistance to indentation. It is an indication of the relative stiffness of rubber nanocomposites.
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As clear from the Table 2 , incorporation of nanoclay into the EPDM/SBR matrix was found to enhance the hardness of nanocomposites. It can be found that nanoclay improved the stiffness of the rubber nanocomposites. Improvement of hardness in the case of polymer-nanoclay nanocomposites has similarly reported by these researchers. 44, [47] [48] [49] They proposed that the increase of hardness is interconnected to the degree of dispersion of nanoclay layers within the polymer matrix. The generally increased reinforcement of the nanocomposites must be attributed to the dispersed structure of nanoclay at the nanolevel, the high aspect ratio and the planar orientation of the silicate layers. 50 The hardness increases in nanocomposites as an indication of the resistance to indentation is high with adding nanoclay in the rubber matrix. Sulfur cured nanocomposites exhibited the lowest hardness; mixed system shows an intermediate as well as the peroxide system shows a higher hardness. It was evident that the hardness of the S 10 , P 10 and M 10 nanocomposites was 19%, 23% and 22% higher than that of their respective control S 0 , P 0 , and M 0 respectively. Density also increases with increasing nanoclay content for all the crosslinking systems. The mixed system exhibited the highest density, sulfur cured nanocomposites shows an intermediate and peroxide cured system has the lowest density. Density of the above respective nanocomposites was 2.99, 2.89 and 3.12% higher than their respective controls. The effect of nanoclay loading and crosslinking system on the rebound resilience of the nanocomposites is seen in Table  2 . The rebound resilience of nanocomposites decreases with increase in nanoclay content for all the three different curing system. The decreasing tendency may be attributed to better rubber-filler interaction. As filler particles increases in the rubber matrix, the elasticity of the rubber chains is reduced, resulting in lower rebound resilience properties. 51 The important factor in the rubber nanocomposites is a surface activity, showing the extent of rubber-filler interaction. The increasing incorporation of the nanofillers into rubber matrix, this can lead to an increase in hardness as well as a reduction in rebound resilience, predominantly with more reinforcing filler. 52 The rebound resilience of the (S 10 , P 10 and M 10 ) nanocomposites was 15, 20, and 14% lesser than their respective controls (S 0 , P 0 and M 0 ). From the Table 2 , sulfur cured nanocomposites show the highest rebound resilience. Rebound resilience at different crosslinking systems follows the order sulfur > mixed > peroxide. Water Uptake Properties. The distilled water uptake properties of different crosslinking systems cured EPDM/SBR blends with nanoclay loading were investigated and the water uptake at regular intervals is shown in Table 3 . The water uptake of the EPDM/SBR blends with nanoclay loading in seven stages after 7, 14, 21, 28, 35, 42 and 84 days were studied. Table 3 are clearly shown that the uptake of water decreased with an increase in nanoclay content due to the increase in crosslink density of the nanocomposites. The peroxide cured system showed highest uptake of distilled water and the sulfur system exhibited lowest uptake of distilled water. The mixed system exhibited an intermediate behavior.
The highest distilled water uptake of peroxide cured nanocomposites may be due to the free volumes created by the leaching out of unreacted peroxide, which is water sensitive, from the polymer matrix and nanoclay. Hence, the water resistance increases with an increasing content of nanoclay.
Conclusions
In the present study, swelling properties from mole percent uptake, compression set, mechanical properties and water uptake behavior of EPDM/SBR filled with nanoclay compounds the following conclusions were derived from the investigational results:
The mole percent uptake decreases with increasing nanoclay content. The solvent uptake at different hydrocarbons and crosslinking systems follows the order chlorinated > aromatic > aliphatic hydrocarbon solvent and sulfur > mixed > peroxide cured nanocomposites, respectively.
Compression set increases with increasing content of nanoclay due to crosslinking density increases but the mobility of the long rubber chains decreases. It is of different crosslinking systems follows the order sulfur > mixed > peroxide. The lower compression set shows the better retainable elastic prop- erties. The temperature increases compression set also increases. The compression set is lower, the better the material for use. The abrasion resistance of nanocomposites increases with increase in nanoclay content for all the three different curing system due to the better rubber-filler interfacial adhesion and greater surface area. The abrasion resistance of different crosslinking systems follows the order peroxide > mixed > sulfur cured nanocomposites.
As hardness increases, rebound resilience decreases with increasing content of nanoclay due to better rubber-filler interaction. Uptake of water decreased with an increase in nanoclay content due to the increase in crosslink density of the nanocomposites.
